Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^7 



/ 



C» HBLLER 

jAN FIIAN04S0O, 044,« 



FIRE ENGINE TESTS 



( ■• 



AND 



FIRE STREAM TABLES 






• • o I 






NATIONAL BOARD OF FIRE UNDERWRITERS 

New York 



T'/yf 3 :i 3 



» ^** \ 



Copyright, 1910, by 
THE NATIONAL BOARIT .^n?. FIRE UNDERWRITERS 

Second Edition 
l^HVAlBkYr 19\2 

Third Edition 

August, 1915 

Fourth Edition 

December, 1920 

Fifth Edition 

October, 1922 






w *-».*- 



^ taw 



*• «^ - • ' * \V> ; ■> ■■ ' '*■'*•••; ■' ^ '■ 'J > ' " • A ' 1% ' •; i " 



;*•!•' r ■ »"■* 



«»-<.^«^-^ 



PREFACE. 

This pamphlet hasf been prepared for the purpose of assisting 
fire department officials and others who may wish to determine 
the condition of fire engines. It may also be of service in 
testing the capacity of new engines with a view to their accept- 
ance by a city. 

Tests similar to those outlined herein have been adopted by 
many fire departments and are being made by our engineers 
in their investigation of cities throughout the country, so that 
by corresponding with this Board, the location of the nearest 
field party may be ascertained and if desired, an opportunity 
afforded to observe such tests. 

The appended fire stream tables, on pages 30 to 51, are based 
on tests of rubber-lined fire hose made in October, 1909, by 
our engineers, with the assistance of the New York Fire 
Department and the co-operation of the Department of Water 
Supply of New York City. These tables may also be used to 
find the approximate amount of water used at a fire, if 
engineers will observe from time to time the water pressure 
carried and the length of time at work. With an approximate 
average of the water pressure at each engine, the amount of 
water delivered per minute can be found for each line if the 
size of nozzle and length of hose is also known. Copies of 
this pamphlet will be sent to such captains of companies and 
engineers of steamers as would use them in keeping accurate 
records of the performance of their engine at fires. 

NATIONAL BOARD OF FIR£ UNDERWRITERS. 

Committee on Fise Prevention, 

n William Street, 
New York. 
August, 1915. M85664; 
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PRACTICAL TESTS JO|t F«ip ENOiNES. 

It IS the p'ttrp<)sfe of this manual' to set forth convenient 
and practical ihethods of making lire engine tests which will 
show the physical condition of engines, their capacity for 
deflvering water at a reasonable pressure' and. the ability of 
the operating creWs: The method described has been in use 
for i number of years and has been found practical, exact and 
of great valuer: Although methods similar to that described 
below arc ifr tisfe iii some departtrients, the character of tests 
made in many cities, and especiatiy^thise for acceptance, are 
usually mor6 spectacular than exact. I^he throwing of 9 
stream over a <ihurch spire, city hall or Coyrt hduse does not 
necessarily show that the engine is Capable 61 delivering its full 
rated capacity it a proper working pressure. 

Investigation has shown that where regular and systematic 
tests of engines are not made, even in well managed fire 
departments, defects often exist which may (jontinue unsus- 
pected for considerable periods and beconie manifest under the 
stress of a large fire, where the engine is called upon to 
deliver its full capacity under suitable . working pressures. 
Furthermore, regular tests are a most valuable drill for engine 
crews, for in only a few departments do they receive sufficient 
training in operating engines to capacity. T^e breakdown of 
an engine at k fire ,or the inability^ pi the crew to operate it to 
capacity may be the direct caupe of confusion and the needless 
loss of property and perhaps of life, to the discredit of th|? 
department. ... 

Contracts, for new fire engines UiMifil)y c^nta^n guarantee^ 
that the' engine will deliver a certain quantity of water, but 
often do not specify the piresaure at which it is to be delivered, 
nor provide for any definite teats which will accurately det^r*^ 
mine whether the engine h^ fulfilled, the guarantee; oCf in 
other words, if the department is. g[etting what it is paying 
igr. la several cities, engine^, are reqwred to fill large 
pMasur^d t^pks in a specified time, but this 14 a cumbersome 
method at best, and such tanks are Ireqpently unavailable; 
this usually gives no definite resuU$< as to pressure obtained 
and power developed. 



• • • 



• ::• :*" .-'-/StlSAM Pli^E ENGINE 



• • • 



'X '^ractJ^l test ^srhbuW 'ihoW, with fkilr accuracy, the 
condition of both, water and steam ends, ql, pumps and, the 
condition of the boiler; determine the ampunt pf water which 
the engine will pump at a reaspnable working pressure, such as 
would be required when operating at a l?irge fire; demonstrate 
the ability of the engi|ie to draft water, whether the pump§ and 
waterways are tight ui^der high pressures and steam, valves are 
properly set, and whether the coal used is quick steaniing and 
free from objectionable inapurities* , In addition, the test should 
be of such a character as tp ^approach the working condition 
at a serious fire where the full capacity of the engine would 
pe required*. and at the same time be easily understood. The 
following tests are intended . to briqg out all of tji^se points. 

The displacement test indicates very closely the actual 
condition of the pumps as a whole and, in conjunction with 
the high pressure and valve tests, the condition of the 
plungers, pump' valvegj packing, etc. The High pressure 
test, in connection with the results obtained from the capacity 
test, indicates the setting of steam valves and conditio^ 
of steam cylinders and packed joints. The capacity test shows 
the steaming quality of the boiler under heavy draft and the 
ability of the engine to make sufficient speed tb develop its 
capacity when working against a reasonable water pressure]. 
If the test is made from a cistern or -reservoir, it will show 
the ability of the engine to draft; if made from a hydrant, 
the percentage of slip obtained will indicate this feature, as 
an engine showing less than 7 per cent, slip may be de- 
pended upon to take suction satisfactorily. Incidentally, the 
test also shows -the ability of the engine crew in oplefating and 
stoking the engine. «» • « • -» > ' i '?- r 

Any- machine; when new, should W capaWe of greater work 
than after several years of service; for this reason, a new 
engine should be given an acceptance test at least as severe 
as any work it may have to' perform in actual sei'vice. 
This test should hfihg out -not only the capacity to ptimp the 
actual vPlume of water sped'ficd by the miaker afs' the rated 
capacity, but aisp' to do this at a good woi4cing pressure. 

A good specififcation; applying et|ually well to stejltii^iire en- 
gines and automobile fire engines, is that the engine shPtttd de^ 
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PLATE 1. 

APPARATUS FOfi TESTING 

FIR^ ENGINES. 



liy^r its full rated ca4)aci1;y at 120 pounds net pressure and 50 
per cent, <d its rated pap^city at 200 pounds net pressure. This 
yrill assure sufficient boiler capacity in steam fire engines .and 
motors of high enough power in automobile fire engines. 

•&^nc!S! in. service, ne^ not. be given as severe a test as 
those being accepted, as it is mainly their general condition that 
is to l>e ^ascertelined; for this reason, 100 pounds net wiater 
pressure would seem a sufficiently high requirement for the 
ordinary capacity tesft, which should be made at least yearly. 

Apparatus Necessary f or , !re8ting.r— |i*or the tests outlined; 
below, no elaborate or costly outfit is f^eeded^ the only specjal 
appliances absolutely required being as shown on Plate I and 
listed below: 

A revolution or speed counter. (Figures 7, 13 .and 18.) 
A stop-watch and wrist strap. (Figure 110 
A small Pitot tube. (Figure 5.) 
An air chamber on Pitot. (Figure 6.) 
Two or more pressure gauges. (Figures 2 and 3.) 
A set of smooth-bore nozzles. (Figures 9 and 10.) 
A hydrant or engine-discharge cap. (Figure 1.) 
Appliance for attaching counter. (Figures 14 and 15 or 
Figure 16.) 

For convenience, it is deslir^ble to have a Pitot bracket. 
(Figure 17.) 

This is shown attached in Figure 8, with a special form of 
elbow (Figure 4) and ^-inch bent rod*. (Figure 12.> 

The revolution counter should be of a type easily attached 
to tbe engine frame, or any convenient part, and so made as 
to register accurately at any speed likely to be reached by a 
reciprocating engine and be easily read. 

The.iX)unter may be provided with straps for attaching to 
engine, or with the clamp and angle iron shown on Plate I, 
Figures 14 and 15, or with bolts and slotted lugs as shown in 
Plate I, Figure 16. 

For high speeds, and particularly where ^thei* speed is uni- 
form, as with motor-driven pumps, the. spec^d cpunter, Figure 
13, is best; 30-second or.l-minute readings can be tak^n from 
some shaft at frequent mtervals. 



. Most tachometers atid speed indicators are unsuitable for 

steam fire engine work, es the vibration is ap't to render their 

readings unreliable and the variatton in speed makes their 

readings of little value. 

A stop-watch can be purchasfld for less than $15, although 
an ordinary watch can be used* 

The Pitot tube may be any of several suitable types ^now 
on the market, or the type showff on Plate I may be readily 
constructed. Dimensions are given below. It should be con- 
nected by ^-inch brass pipe fittings to a pressure gage; to 
prevent vibration of the needle, an air chamber should be pro- 
vided as shown on Plate I. 

NOZZLE STREAM PfTOT 




SECTION 

ON 
CENTER 



Scale Full Size 
Td be of brass and fini8hed.nnooth 

The pressure gages should be preferably not more than 
3yi inches in diameter, in order that they may be conveniently 
^•-ndled. They should be without a rest pin for the needle, in 
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PLATE II. 

METHOD OF ATTACHING GAQES 

AND COUNTER FOR TESTING PUMPERS. 



order that any disarrangeoient qi ttue needle may be readily 
observed; one capable of indicating a vacuum should be pro- 
vided if a gage is used on the suction; the Pitot gage should 
read up to 200 pounds, and be divided preferably for every 
pound and marked every 5 or 10 .pounds; the pressixre ga^e 
should read up to 300 poinds, and where tests to 250 pottnds 
are ii^d^ to 400 pounds^ and may be diyid^il'Only for every 
5 pounds. Gages, especially those used with the Pitot, should 
be of good quality, and accurate^ They should be carefully 
calibrated (tested) with a weight tester or a standard gage 
before each day's work. 

Nozzles suitable for testing are usually found in the 
regular equipment of every fire department. Only smooth- 
bore tapered nozzles should be used, as discharges from ring 
nozzles are uncertain. Care should be taken that the 
tips are not nicked or otherwise injured, and that washers 
do not project into the pipe, as a perfectly smooth water- 
way is essential. The ring nozzles on many engines 
have loose rings, which may be slipped out by unscrewing 
the end cap, leaving a suitable smooth-bore tip. Shut-off 
nozzles should not be used, as these generally have interior 
projections or breaks in the waterway, likely to cause eddies 
in the stream. Where much testing is to be done, it is better 
to set aside nozzles, keeping them solely for that purpose. The 
bore of nozzles should be accurate to size, within 1/1,000 of an 
inch and carefully measured. 

The eng$ne->difieharge' cap, or hydrant cap '>(iii most dties 
these have the same tiiread) is tapped for ^^neh.pipe thread 
and fitted with a nipple* and stop-cock lor attacliiag Jthe- test 
gage* By attae-hixtg to the discharge oudet of' the: pump, as 
ftbown on Plate II, the water pressure'-gagsaivd the test ;gage 
may be compared to determine ifthevpunip gage, is ^xil'rect. 
Where there is time to detach the. water gage • and a testing set 
is available, the gage can be; more accurately checked. The 
steam gages are less Iflcely to get out of 6rder, beiflg tess sttb* 
ject to stKiden. fluctuations, and a' comparison -of readings of 
side atid- rear steam- gages will usiiadly be suflicieiit. Hthe 
engine has no suction gage or itapped suction cap^ the engine or 
hydr»n(rc«p should be^ used on the seednd outtotof the hydrant 
y^htn t^sttiK^ an jengme at a double outlet fagrdrant. 



.. Test» are best mad«' by a stipcrVlsor (as the master- 
mechanic or other officer conductingr the test will hereafter 
be called), with an assistant accustomed to reading gages. 
Tables showing the dischatge at various pressures through 
different nozzles, for use with Pitot tube readings, are to be 
iound on pages 28 and 29. A suitable form for recor4ing data 
of tests is shown on page 16, and until the supervisor becomes 
familiar with tests, it is advisable to use a similar form at 
the tests in order not to overlook any necessary data. Later, 
a pocket note-book will doubtless be found more convenient, 
care being taken to record all the necessary data. 

Preliminary to Test. — If possible, calibrate gages of engine 
before the test, by detaching and comparing on a portable 
gage-testing set. They should be calibrated in the position in 
which they are to be tested, either horizontally or vertically. If 
this is not done, check water and suction gages at test, as 
explained below. 

If it is desired to determine the ability of the regular 
engine crew, the engine should, of course, be operated by 
them; if the condition and capacity of the engine are the un- 
known factors, a crew known to be efficient should be selected. 

If there is any convenient body of water, or cistern, where 
water may be drafted with about 10 feet of life, then test 
should be made at draft; otherwise, attach engine to hydrant, 
care being taken to get a hydrant attached to a large main 
(8-inch or larger), and that the hydrant pressure is not ex- 
cessive, preferably below 40 pounds. Four-inch or larger 
suction sl^ould be used. After suitably stationing engine, 
light the fire; note the time when smoke comes from stack, 
when steam gage needle moves, at 50 pounds of steam, at 
100 pounds;, and pressure and time of blowing off. If engine 
has hot water in boiler, this may be omitted, noting only the 
pressure at which saiety valve blows off. Then, if water 
gage on engine- has not been calibrated (checked), attach 
hydrant cap and 200-pound test gage to pump discharge 
outlet, as shown on Plate II. Record zero of all three gages — 
water, suction and test gages; open hydrant and record static 
pressure on all three gages; then with churn (hand relief) 
valve partly open and discharge gates shut, pump up pcessure 
and compare, teat 'aiid -water gages at 80 pounds, 100, 110, 120, 
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etc.^up to 120 pounds 6ver the static w hydrant pressafe. If 
engine has no suction gage, one of the suction caps oh the 
engine. oan be tapped. to^ connect <?he gage, as shown on- Plate 
Ily or the engine OP hrydrant cap provided with the second gage 
ahoiild be attaidiedito cne hydrant outlet. ■ > ' ^ -^ 

Let supervisor and assistant compare watches and '^fet 
second hands tbget&er^ or nearly so; this is more quickly 
aaiomplished; if ' one wntch' has a- stop-hand. The supervisor 
wiUifind it xonv^enlt to tie his r watch to coat or wrist in 
iotdee tio/ leave. liis:iiands free to hold note^bookor Pitot.' A 
leather watch hoMer and wrist strap, as shown on Plate It 
such aa«ny hamess maker can make,Js a convenient api>iiance 
for ;thi8 purpose. Attach the revolution cotuiter and con*- 
nect with one of. the eccentric strap pil cups or studs by a 
short length of cord; have engine started slowly and adjust 
(Compter cord so that each revolution registiers. 

Displacement a:nd Capacity Test— While the engine is get- 
ting up steam have firemen lay hose and connect nozzld. If 
testing on a paved street, it is best to lay nozzle down in 
gutter. Us^ a play-pipe holder or tie nozzle tb any convenient 
fk>^, in oi*dei* tb i>reve<it pipe getting away from p5peman and 
doing damage; ' 

For the larger engines, attach a fine of hose on each' side 
of the engine 'and conttect into the Siamese of a deluge Set. 

With the smkller' size engiries it is usually more convenient 
t6 use a single line ftotn orte Side of the engine; when dehtge 
sets are nbt available; single lines may be used on tlie 'larger 
engines. In the tab!^ 6n pages 20* and 21^ the length of hose 
and rsin^' of -nozzle. bc3t adapted for testing eligiiies of^various 
sizes are g^ven. In testing 'vrith the skmeaed linesp,; start the 
engine with- both lines }Open: and bring it up tio speo^i; if the 
tleairsd watbr predsfuin is not obtained^ dose ^tbe didobarge gate 
on one dine. sk3wlyt nntiHbe gage indicatea the prdperipreasu^ 
Similarly^ with a singlsiltne attached, the gateits <d4>s^>ekyvrly 
after elhgine has 'obtaiated its ^tdl apaed <ttntiL tb^ desired -^i^^ar 
sore is.'oJKtaiai^i':.. . {■'■.'•. ' ■ •\'.^'i • • 

The snperviserp can; frqai'tisie to time^.i regulate this 
discharge 0ate tb keep the ^desiced waiter pfessure; although 
if the. orew >opemtl3s > the> enGrine properly but little change 
will have. to.b^KmadJB.LthroAighottt the. te»t» TW ea^iDeer 



caxL be uistrticte4 to direct i^il his attention to opcmting his 
engine to full capacity, and the supervisor or testing en- 
gineer can regulate the waiter pressure, take the readings of 
the revolution counter, steam, water and suction gages, while 
his assistant takes readings of the nozzle pressure throughout 
the test. . 

When siamesed lines are used, should the engine not be 
able to maintain the desired water pressure with one line 
shut off entirely, add another length of hose to each side, or 
use. a liozzle '^ -inch* smaller. With single lines, when the 
engine cannot maintain the desired pressure without undue 
throttling of the discharge valve, use a smaller nozzle or 
add another length of hose. The nozzle readings should, if 
possible, be over 40 pounds, as below this point readings 
must be very nearly constant to give accurate results. 

Should water pressure at the engine be too high with 
both lines wide open, use a larger nozzle or put out a length 
of hose from each side. 

Relief valves should be closed, sprinkler used only as 
needed, and feed pumps operated regularly. The capacity test 
should last at least 20 minutes from the time the engine 
reaches full speed. During this time the water pressure at 
the engine should be constant and such as to give a net water 
pressure over the suction pressure of 100 to 120 pounds. 
Unless. the rubber tires cause undue vibration, a modern en- 
gine^ if in good condition, can safely run for an indefinite 
period at 400 to 425 feet of piston travel per minute, that is, 
300 to 320 revolutions for an Scinch stroke. 

It is usually better to hold about 10 pounds over the pres- 
sure actually r^equired, when the wat^ pressure fluctuates 
much, as most engineers read the top of swing of a gage 
needle^ while the supervisor, of course, should read the middle 
of the vibration. Gages may be throttled to prevent excessive 
vibration,' but should always show soma vibration to get true 
reaiiings. A better method of preventing excessive vibration 
of needle on gage is to attach a small air chamber t6. the con- 
nection near the gage; such an appliance is shown attached to 
gage used on Pilot tube. During the capacity test, the super-^ 
visor should read counter (exactly at minute) and steam, water 
and' suttion gages each mmutb in regtdar order, and note the 
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haadting and stokiog, UM waUr^ leakfl> uneven ^e^m pfcs- 
snre^^lilowif^ off, iosLpiing oiboi^tt, jbcddeQts, and the other 
fittle detttit irtikh, hi* txpttaitmctM^chtsMm Iq ohservck 
Meanwhile, the superyisor's assistant sho^ild tead.the sosale 
pressure every ^ minute. Special care should be. taken bat 
reading ;the nozsle prtssuxe. The Pitot should be lield.in^h^. 
middle of the stream, ^ith the tip about oti^half the diameter 
of the. bore from the end of the nozzle. Gage.should be'hoiri* 
zontal or Vertlcali according .to the position; in. which it vM 
calibrated, and at approximately the same level as the end. of 
the nozzle. This is shown on Pl«^te III. . 

: BigU PfMsmle Tekt.-^iAfter a suq of 20 minutes in whic& 
thefieiwere no serious interniplicMis. to readings, atid pre^sur^ 
was maintained' at: an: 'average of at least ld0 pputids net^ stop, 
stoking; shut down, dose discharge gates,, partly opien chuon 
valve and get steam d«u^to between 70 and. 80 ]^<Htndd, llrtfVt^ 
i«g fifeif necessacyi 'Then- start .engine <sl^wly, and gradually 
close.. chum valve tight" See that all .other, e^pentnga^ feed,' 
pim^fts^jQprinklers, relief cocks, etc»,.»rc shatlt Let engine ivixtk 
in rthis condition for one or twominutds; observe the number 
of retoluticMis^ aiid the* water; steam :and sucd6ii<now static) 
pres8ures;.:noterany uneven motion o£ eriiguie,' blowing thtoufi^ 
of., steam' or - imperidct valve - settiiig, lcak)s in steam or., water 
ends, or fittings^ etc. If ptmips are in good condition and 
valves set correctly, speed should not be over one revolution 
in 10 seconds in any modern type engine; (This does not apply 
to a iSilsby or a Button.) With 70 pounds steam and 50 pounds 
suction, water pressure will reach about 250' pounds; this is 
perfectly safe and not a severe test, as such pressures are 
frequeiitfy met in operation when Ibng Ifnfeg are Used. ' 

Valve Tests.— After taking the observations for the high 
press|ire test, shut off throttle of engine and open cylinder 
drips. Note Jh,e , drop in . water pressure .for say one-half 
mitiute. -The manner in which this .pressure holds up is an 
indication . pf the condition of the discharge yalves. . A drop 
of not oyer_l5 pounds in one-half minute, provided there are 
no ^J^terjgi^l leaks visible around the pump, indicates a fairly 
good condition of the valves. ,. ' . 

Sii^j^it: Test.— ^If the engine^ has been tes^ted.at a hydrajat, 
it ^^a)[)iJity^io, draft may be determined as follows,' provided it 
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i» equipped with a coUBpound' «utttoii .igigie or one of . tke 
taction caps is Upped to recelte a ^compound gage: DSscon* 
nect engine from hydrant while . there is stiU some ' steaiia 
pressure on boiler, put both suction caps on tight, open one 
of the discharge gates and then open throttle, allowing en- 
gine to run at a moderate speed, obserre the reading of the 
compound gage while running, and also after shutting down«' 
The drop of the vacuum after shutting down is an indication 
of the condition of the suction valves; provided all joints ans 
good. 

To Figure Displacement. — (Displacement is figured as in- 
dicated for sample' test, pages 16 and 17.) f n averaging^the 
noszle, ^team, water and suction pressures, subtract ^ of first 
and last readings from sum of readings used (slee page 17 and 
sample test sheet). Average the nozzle pressure during a 
period in which the engine ran- steadily, water pressure was 
well maintained and the nozzle pressure varied the least. When 
possible, use a 20-minute period in figuring the displacement; 
if for any reason there is much variation in the nozzle pressure, 
say over 10 per cent, during any one minute, select as long a 
period as possible; but at least 10 minutes, during which the 
pressure has been wetl maintained. Correct for gage error. 
Take out corresponding gallons from table, pages 28 and 29, 
interpolating for odd pressures or for odd«>size nozzles. 

Example: IJ^" nozzle, 61 pounds nozzle pressure. 

62 pounds nozzle pressure gives ,.^...... 525 gallons 

60 " " " " ^... 517 gallons 

or 2 pounds give a difference of . 8 gallons 

and 1 pound gives J^ of this, or 4 gallons 

Therefore, 61 pounds nozzle pressure. ==517+4 

=521 gallons 
Example: 1 9/16" nozzle, 60 pounds nozzle pressure. 

60 pounds through IJ^" nozzle gives 607 gallons 

60 " " 154" " " 517 gallons 
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or 5^" difference in nozzle diameter gives 90 gallons 

and 1/16'' " " " " " '. 45 gallons 

Therefore, 1 9/16" nozzle at 60 pounds gives.. 517+45 

=562 gallons 
12 



For odd-size nozzles, the discharge can be accurately ob- 
tained by using the formula on page 24. 

Divide^the awj^rage gsdlon^ discharged by .the ave^ag^ revo- 
lutions per minute to obtain the. actual net displacement of 
the pumps. The nominal displacement will be found from 
the table, page 18, allowing for the pump rods. The dimen- 
sions of the pumps, such as sti^oke, diamieter bf pump barrel 
and pump rods; should be accurately measured, if in question. 
The difference between actual and nominal displacements Is 
the slip, which should be from 3 to 5 per cent, of the nominal 
displacement iH' a new engine <^ per cent, in si ' rotary) ; of 
this, about J4 per cent, is due to the feed water (1 per cent, 
with a Button or Sllsby engine). After engine has' been in 
use a few months, slip will generally increase about 1 per 
cent.; therefore, if -valves and packings are given proper at- 
tention, there should be only a slight increa-se. A slip of 10 
per cent, or over indi^tea broken or displaced valve springs, 
and more than this, a badly worn plunger or pump barrel, 
or possibly a leaky suction. In a rotary, the wear is priu'- 
cipally in the pump cam slides, which will also stick at times, 
causing increased slip even if not worn. 

To Figure. Capacity. — ^When the engine is run for 20 min- 
utes at a uniform speed during the displacement test, the aver- 
a^e disc^harge measured at the nozzle by the. Pitot is. the 
capacity of the engine. If only a 10-minute period of the run, 
is used for figuring the displacement, the capacity of the en- 
gine is determined by multiplying the actual displacement 
(found in the displacement test) by the average revolutions 
per minute during a 20rminute period in which the engine 
worked at its full capacity. Steanv. w^ter and suction pressures 
during the capacity run should be averaged and correcteid for 
gage error.. In figuring percentage of capacity delivered, for 
a new fire engine, it is well to use contract figures for the rated 
capacity which the engine is guaranteed to deliver. A capapity 
due to a piston travel of 400 to 420 feet per minute (300 to 315 
revolutions fojr 8-inch stroke) less a 3 per cent, allowahpe for 
slip, is reasjonabie for. a. modem engine; older types vary 
considerably. . 

i3 



AUTOMOBILE AND MOTOR DRIVEN FIRE 

ENGINES. 

In so far as they apply>. the same t^sts are desirable for 
automobile and motor driven pumping epgines as for steam 
fire engines; the same methods ior measuring the. water dis* 
charged, calibrating .(testing) water gages, calculating the 
actual and nominal dispjaicem^nt and slip of the pumps, and. 
averaging the net water, pressure may be used. Valve and suc- 
tion tests (page 11) may be niade in much the same manner 
as . with steam fire^ pngities, for piston or , rotary displaqe- 
meht pumps; for centrifugal or: rotary gear pumps, they will 
not apply. 

Owing to the characteristici^ of th«. gasoline motor, certain 
modiiications and additional te«ts are advisable. The capacity, 
test fihOuld . be run logger than is usually necessary with a 
steam etigine* It is suggested that, for acceptance* engines, of 
this type be required to deliver their full rated capacity at 120 
pounds average net pressure for 2 hours, 50 per cent, of their 
rated capacity at 200 pounds average net pressure for J^ hour, 
and 33 per cent, of their rated capacity at 250 pounds average 
net pressure for ^ hour. Tests should preferably be made 
when drafting with about 16 fteet of lift, especially if the engine 
may be required to draft water from a river, canal or cistern 
when in service. With a motor driven pump the high pres- 
sure test recommended on page 11 for steam engines becomes 
inadvisable. The >^-hour runs at high pressure serve to show 
the action of motor and pump under high pressures, and 
whether the gear ratios are properly arranged. The tables on 
pages 20 and '21 may be used to determine the length of hose 
and size of nozzles to be used with an engine of any given or 
guaranteed capacity. If two streams are preferred for the 
capacity test, the tables beginning on page 30 will be found 
convenient in laying out the length of hose and iize of nozzles 
to be used. If the relief vilve connection between discharge 
and suction side of pump is small or tortuous, it hiay be 
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desirable to make an additional test with an 1^-inch shut-off 
noxzle on a line of about 300 feet in length, and with the en- 
gine pumping at 120 pounds pressure. The relief valve should 
be set to operate at about 10 pounds higher than the pressure 
to be carried, and when the nozzle is closed should permit the 
engine to run with an increase of not over 30 pounds pressure. 
The motor should start the pump readily with the hand relief 
valve open and the discharge gates closed. 

For a two-hour run, nozzle and engine pressures may be 
recorded every 5 minutes, after the engine is brought up to 
speed, as with any reliable motor the speed and pressure will 
be nearly uniform. If it is inconvenient to attach a con- 
tinuous reading counter to the pump the speed may be taken 
for one minute, during each five-minute interval, using a 
speed counter. On some makes of pumps it is feasible to take 
the pump speed directly from the end of the pump shaft, by 
removing a foot board or bracket (see Plate II); on other 
makes, speed may be taken at the engine, on the end of a 
circulating pump shaft, timing shaft, or possibly on the fan 
drive-wheel shaft; if pump speed is obtained, the engine speed 
may be computed from the gear ratio. Notes should be made 
of any faults of construction, such as: Clutch slipping, ab- 
sence of locks or stops for control levers, inadequate gasoline 
or lubricating oil supply, inaccessibility of parts, magneto and 
sparking circuit not waterproof, etc. The feed of lubricating 
oil is especially important in an automobile pump, where many 
parts are enclosed or not quickly accessible, and should be 
carefully looked into by the supervisor. 
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A. L. A. M. Formula for HoRse-Pow0t op Gasolene Motors. 



. ^ Bore X Bore x No. of Cylinders 

Horse-Power =» — ' * 

2.5 

Example ^Six*cylinder moton 4|-tnch bore. 

2.5 



Reasonable CAPAaxiES of Modern Fire Engines. 



Bore of Pumps, 


L ^ : ; ■! ,v-; ': ■■ , ==^: 


Capacity* ' 


Inches. 


> 


Stroke, Inches. 


Gallons per Minute. 


6 




9 


Moo 


5H 




S or 9 


1,000 


SK 




8 


900 


iM 




8 or 9 


.8S0 


S 




8 


/SO 


aVa 




8 


TOO 


aK 




7 or 8 


600 


aH 




7 or 8 


«<? 


A 




7 


500 


* 


Rated 


CAPACiTy Of SxtsBY Engines. 


■ 


- 


{Nominal Displacement 


• 


Maker's 


. 


per Revolution, 


Rated Capacity, 


Size. 




Gallons. 


Gallons per Minute. 


Extra First 


• 


I.261 


1,000 


First 




1. 141 


900 


Second • 




0.952 


700 


Third 




0.804 


600 


Fourth 




0.67s 


500 


Fifth 




0.513 


400 



IS 



OB or rtflE EHBIN 



CALOJLATimiS FOR EHmfm'TBlSTS. 

OFOR TEST ON 0PP08ITB PAGE.) 



I H I I > i " i I 



IMtSPLACSMEKT TEST. 

ATnuea DxsoHABax. 

TIs oAyteln ATerue Noade Pretwge; 
8QmCk>lu]»n'*]|lzi.^\......>.. l|l^ 

Bttbtract ^ sum of first and. 
Iftst flffum..., ••••••« 85 

1,786 

Sum Column "^** 1^791 

•* *♦ "Hr'» 1,T96 

u u "||«........;.„. 1^ 

DiyidebySO,.,.... ,.) 7,178 

AveiBBge NoBzle Beading. . 89.7 
Gorrectkm from Gage Test ' 
Sheet w v..W*2.0 

Ayerage Noode PiMBure. 01.7 

Wram Discharge Tables for I^" 
Nozsle: 

nibs-gWes 761 gallons. 

90 •* " 74§ »• 

1.71b8. glv«i*'*!.*!.\\\'.* 6.8 *•' 
Then 91.7 lbs. s 749.8 gaUona.. 

Atsiuok B, p. JL . . 

Oounterat8.69 4,858 

'^ **».>9^.». *..,...^870 

DlTtdebyl^.., ,..) '6,488 

Average B. P. If» at 884.4 
Actual Dti^JLottOMr: 

ATerage R/P. M. ~: 881.4 * *'*^ 

KOMINJkL DiSPLACEHmT. 

l^om Engine Displacement Table: 
«i"i8ore, 8" Stroke. :...«. i ... 8:185 
iS" Pump Rod 086 

Nominal Displacement b 8.870 

Sup, nr rgft'Onfr/ 
Nom. Dlsplacem*t ^^ Acfc Plsptaieem^t 
Nominal Disptaoement 
8.87D ~ 8.811 -^ '. 



OAPACITT TEST. 

AvsiuoB B. P. U. 

Same as for Dlsplaoem^nt T^Mt la 
this eaaew . 

GAixoira pBB Mnarri. ; ' 

Same as for Displacement Teat in 
thtocaae* 

AynuoBs o# PassstTBtsu 

Steamt 

Som-of Column... .,.-. 8,787 

)^ of .Urst and last figures 188 

DiTidebySO...., ) y,664 

ATorage Steam Reading.'w 188.7 

Water: 

Swnof Golumn«.«.» .tiltftBS 

H of first and last figures. . . 148.5 

DiTtded by 80. .) iB,9B8.6 

■ -^ ■' 

ATerate Beadlaar 146.1 

Correction f rom* Test of 
Gage and Test Sheet, ;f or 
Gage No. 119.^... ^1.0 

A^rage Water PresAvd - 145.1 
SuctloB: 

Sum of Column.. ^.....^ 745 

^ of first and last figures 85 

Divide by 90..,, ^St^ 

'■ Average 'Beading 86.0 

Qocrectioii fcom Te^ of Gag«i'4> 1 .0 

' ' Ayemge Suettoa'Pressure -86.5 

Net Pressure: 
Average water pressure. ... 146 . 1 
Avjeoi^ nicUoa pressure* . 86.5 

Average net pressure.. 16A5 

PaaoiirrAoi dr Cipidmr Otori&nD. 

Beaeonabla opacity of 

pumps based on 40q Ft. 

Pitfion Travel per Min. » 700 gals. 

Obtained at Test 780gals. 

. : MlOIV of Bating. 
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DOUBLE PUIIF8. 



PlOra^B i)MPM«Slf|BIVT. 
Oali^ks PVK 'B8Y0I«UTI0N. 


FoMP Bob OoKMxmoiiii 

GlLLONp PKR JlEVOLCl?Oir. 


Bore 
of Pumn 
Inches., 


Stroke in InOlMi. 
7 8 9 


Difti^eCer ; 
^mpBode.' 


Stroke in Inc|ie8. 
7 8 9 


8 1/8. 

8 6/8 
8 8/4 
8 7/8 

4 

41/8 

4 1/4 
4 8/8^ 

4 1/8 
4 678 
4 8/4. 
4 7/» 

.:, ... 

6 1/4 
•;4 8/8 

6 1/8 
6 6/8 
6 8/4 
67/8 


1.168 1J88 1.500 
1.851 1.480 1.808 - 
1.880 1.580 1,781 
1.480 1.684 1.888 

1.888 1.740 1.968 
1.880 . 1.861 8.068 
1.719 1.966 84811 
1.888 8.088 8,818 

1.988 8.808 8.478 

'2.066 2.827' 2:618 

8.148 8.465 8.768 

8.868 8.686 8.808 

8:880 8.n0 8.660 

. 8.609 8.868 8<216 

8.684 8.909 8.874 

8.750 8.148 6.686 

2.880 8.291 8,708 
8.018' 8:448 8^.878 
8.147 8J5f8' 4.047 
8.886 8.766 4;866- 

'8.487 8.8ir 4.407 


1" 

ii/ie 

1 f/18 • 

1 V4 
16/16 

1^/8 
1 7/18 

. l%/$ 
1 8/18 

16/8 

i;ivi6 
1 8/4 


0.047 0.054 0.061 
0.068 0.061 0.008 

o.(w> 0.069 o.orn 

• O.Otfr 0.077 0.087 

5.074 0.066 0.<»98 
0.061 0.008 8.106 
0.068 0.108 0.116 
C.096 0.118 0.188 

0.107 0.128 0.188 
0.116 0.168 0460 
0.126 0.148 0.168 
0.186 0,156 01174 

0.146 O.lOr 0.188 


Bnhteact iiump ro^^oorrection from 
plunger displaoenent to. obtain oor 
reot dIBpIttcetAent of engine. 

Vor ilfeglD-puinp engines, use one- 
half of .teeoli oUained. , 

For Bingle^tctlny puinipav <|0 opt 
snbtraet punp rod correotiosi. 



Example? Bnglnb *w)i8k ft^-tftch pqviH 9-ioch stroke and l>4-lnoli p«mp 



.t«^. 



• *• 



JTravi Table abe^; ... 0^ 

' Bi^laoefeMiit ef Plmiger a. 8.8H8HdU>B« 

Chofrreetlon j(or ^od i« 8,186 saUons^ 

' Jloaoiaal Displacement 1- 8.286^Uaaa.. 
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Below is given a table for use when engines are worked at 
draft, either in actual service or in testing. A study of it will 
show that where a high lift is necessary, small suctions will 
restrict the capacity of an engine; the table indicates clearly 
what, sizes are necessary under ^ different conditions. The 
figures are based on the ability of the pumps to maintain a 
vacuum of ?3 inches. 



TABLE SHOWINQ MAXIMUM LIFT, IN FEET, WHEN 
drafting; VARIOUS. QUANTITIES OF WATER 
WITH A FIRE ENGINE IN GOOD CONDITION, 



Ocmnfkyef 


MAXmoia Lot m F>bt, Emoimb DRAFTuie. 


Galons iier 
Minute.' 


3"Saettai. 


aV'Sottion. 


4" Suction. 


4^' Saction. 


5" Suction. 


300 


i6 


1 - 


1 2b 


24 
1 2^ 


Mi 1 


400 , 


17 

7 


24 1 


\ Soo 


« 
• < 


I8i 

IS 

II 

6J 


23 1 


600 


I9i 

Hi 

"4 

8 


31 g) 


700 


41 
length 


*9J 1^ 


Soo 


^9 § 
X7 1 

- 1 w 

r4i ^ 


900 

J,O0O 


6 
of sue 


1,100 
» 1,^00. 

1,300 


7J 

4 

tion. 


12 ^ 

■ J 

6i «. 


1,300. 


9} .. 
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flRE STREAM TABLES. 



These tables are arranged to .sHpw the priessiires reqtwred at 
the hydrant or, -fire eagine,/While streani is flowing. tOijnaintain 
nozzle pressures given i in the nrt^ column^, throvigh various 
lengths of 2^-, 3- and 3j4-inch rubber Hied 4iode in single 
lines and two lines of 2^4nch hose siamesed. 

Nozzle pressures of 40 to 60 pounds from l}^- and Igi-inch 
nozzles will give streatts which may be classed as gopd and 
which cair. be handled wllhout si:f6cial appliances; for deluge 
sets, turret pipes, etc., with Ij^iinch and larger nozzles, 60 to 
90 pounds nozzle pressure is, -desirable for Effective fire.: fight- 
ing; the height, area aridgeneral "character of the buikl&g arc 
factors in determining at what pressure a.sljreiaiii inay'be con- 
sidered good!, as well as, in, determliiing whether ;a nozzle is of 
sufficient aize to furnish stii.e^ectiye stream, nothing leSB than 
IJi-iflch beii^g considered as effective for'*outsidc wcfrkj-^except 
for fires in small buildings. In this conneption it shojald be 
noted than a 1- or Ij^-inch ring tip delivei-s a,' stream jabout 
l>i inch smaller than the diameter of the tip. 

The pressure at thie hydrant pr fire engine is that indicated 
by a gage attached to the hydratit or fire engine while the 
stream is flowing. The pressure at the nozzle is that indi- 
cated by a Bitot gage held in the stream. . v* 

The hydrant (or engine) pressures iare bbtkii^ed by adding 
to the nozzle priesisufci the friction loss in the hose, and at$o the 
small additional loss in the hydrant outlet or engine discharge. 

Friction losses in hose ^ are based on tests of best ^ality 
rubber-lin^d fii^ hose and are for lOO^foot lengths measured 
without pressure applied. Diameters of hose, as measured un- 
der 75 pounds pressure, assumed as the average working con- 
dition, were ascfoUoT^s: For nomfcal 2j4-in|^, 2.575 or about 
2 9/16 inches ;W<Jr tfominil 3-inch-, 3.125 or 3H inches; for 
nominal 3j4-mch, 3.685 or about 3 11/16 inches. 

The smoothness of the lining has a very considerable efiFect 
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on the friction loss, some samples tested showing losses 50 per 
cent, in excess::i]if'thQ!«i| gtvcfKvAi'^^lqiJbt^VtnaJitDn in diameter 
also produces a marked dl^erence in friction loss; in the .case 
of ^ -tech hose^ a varfaticitt bf 1/lrf inch in diameter will 
fesoW iti It) p*f cent. ^fEtttiitt Ih loss. If iifof^erry bfevfel^i 
2j^-inch pouplings are Used o'h 3-iilch hose, the lo^S 6i pres** 
sure due* to f hem will be kss thian S pet cent, of th^t gained 
by the use of the larger Fiose. For instance, for a flow of 300 
gallons per minute, the Joss in 2^-inch hose will be about 21 
pounds, in 3-inch hose with 3-inch couplings about 8 pounds, 
and in 3-inch with 254-inch couplings about 854 pounds. 

'For siariiesed lin6s, in alloWattce w^s made for the loss in 
the Siamese -connectiott and for 20 feet of 3j4-inch lead hose. 

The pressures given are £oir th« nozzle at the same, elevation 
as the kydi^Mt or engine ctticlMifge outlet. Add of- subtract 
1 pound to the pressure givttiiof each 2 1/3 feet d^rence in 
elevation.. The arrangement, pf; tl^fe table allows a dptaparison 
to be readily made of the resutts obtainable with 3rhich hose 
and siaifikesedt; lines against single lines of 2^-inch hose. 

An sipproximate formula f or ^he friction loss ilir-2^-inch 
hose is k^ follows: \. 

Fresiiurje loss in each huifdrjoii leet, in pounds = t Q* + Q, 
where Q is the quantity in -gfaBoils divide by 100. ; (For less 
than 100^ gallons, pressure lob «r '2 Q* + J4 Q.) t 

The approximate figure for the friction loss in other sizes 
f ot the same -quantity flowing cajn be obtained "by diyidlttiT'^^' 
fnctiiJifi loss in*2j5-iiich hose 'fty the following' factors: ' 

29^-^1 .' >.3'^.. ..: 3W ' . 4^^ - ... 454" . ...S" 
1.66 2.6 5.8 11.0 19.5 M*^, 



♦ J 



'.'•..' '■,71.. ■ ' " • * - . - 

. SJamescid 1 Lifies ^ of, , Equal Length. , 

2-2^'' 3-2^" 2-3" ' 3-3^;.'' 1-3"- 

3.6 7.75 W5'. . 20.i ; .6a 
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TAB&B QPfVOZ^LB FACTOIIS; 



For use in obtaining, dischar^^ irom smooth nozzle larger 
than those given in tables on pages 2B and 29, when nozzle 
pressure is obtained >^ith a Pitpt gage. 

The discharge in gallons per minute is equal to the square 
root of the pressure multiplied l^ the factor. 



■ I ' 



Diameter of the 
nozzle in inched 



Factors, 



For Fresh Water. For Salt (sea) Wa^r. 



I l l I » n ■ 



3 


nS.96 


2i 


IS0.S6 


3l 


1S5.M 


a| . 


^?*?i 


3 


267.66 


:3i 


3M.I3 


•3* 


364-3a 


31 . 


4i« 23 


4 


475-8S 


i 


537.19 


•602.25 


4l 


j67V^02 


5 


743SI 


6 


1,070.64 



117-45 
148,64 

1^3^50 
222.05 

264.25 

3ro.1t 

35968 

4"^99: 

469.79 

530.35 

594. 5» 
,662.48 

734^03 
1,057.00 



\.' 



^ 



•v-r* 



For any size nozzles* the di^harg:e, for fresh water, can be- 
determined by the following formula: 
Gallons per minute = 29.83 c d* Vp. 

Where d = diameter of nozzle in inches, measured to i/iooo 
di an inch. '" 

p = pressure recorded on Pitot gage in pounds. 

c = a constant, varying from 0.990 for i-inch nozzle to a997 
fpr 6-inch nozzle. 

For ordinary use, the formula can be reduced to: 
Gallons per minute = 29.7 d* Vp, 
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FORMOLA FOR OBTAININQ APPROXIMATE NOZZU( 

OR BNOiNE t>RBSSURES, LBNOTH OP LIKE 

AND SIZE OF NOZZLE BEING GIVEN. 

M __t «^ . J Engine Pressure 

Nofzle Pressure in pounds =^ — - — . ., 

*^ I.I +K L 

£njg;ine Pressure in pounds >■ Nozzle Pressure (i.i + K L). 

i; «s Number of 50-foot lengths of hose. 

K = Constant, varying with size of nozzle and hose. See Table 
followlQg. 



tf '• 


» 






K FOR 




•• 


s 


. Single 
Line 


Single 

Line 

)"Hoie. 


Single 

Line 

^" Hoie. 


Two 

Sinmeaed. 


Two 

V' Lines 

SUmesed. 


t Lines 
»\i" Hose. 


f 


.105 


.038 


• • • • 


. .025 


i». . 


• • e> e 


If 


.167 


.062 


• • • « 


*o43 


♦ «{•• 




H 


.24S 


.092 


.039 


.066 


.023 


.ooS 


4 


•341 


.137 


'OS9< 


-.096 


. i034 


.o«i 


a 


.505 ' 


.192 


*• .084? 


•135 


♦051 


.061 


« 


.680 


.266 


"3 


.184 


.068 . 


.064 


*f 


.907 


.351 ' 


'^ .ip- 


-242 


.093 


.115 


*" 


1.55a 


i .605 


• .250 


.418 "' 


.157 


.190 



* Allowance is made for loss in deluge set ; these values will 
also give approdmatety correct figures' for turret nozzles and water 
tower^ except, that in the latter, pressure equal to 0.434 times the 
height of tower must be subtracted from the engine pressure, before 
sotumg for noczle pressu^. . < 
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EPFBCTIVB REACH OP FIRE STREAMS* 

tktomiKC tttE ptsTAircs IN Fnr nunc tres Noxeu Mr 

WHICH STREAMS WU^L, DO £FffiC7IVE WOBR WITH A 

MoDERAxk Wind Blowing. Wixii a Strong WInd 

THK REACH ISGRKA11;Y REbnCEl^. ' ' 






: 



20 
25 
80 

40 
U 

90 
75 



85 
90 



Sn^ or Nozzle. 



i-Inch. 



si 



.a .■ 

'Si 



- 



35 
43 
5' 

$8 
«4 

«9 

73 

85 
87 

92 



37 
> 42 

51 

5S 

$« 
61 

* 

<i7 
170 

72 

74 
76 

78 
80 



i|-I»cb 



II 



36 
44 

59 

65 
70 

75 

79 

83 
86 

88 

94 
96 



3** 



:' 



38 

44 

SO 

'54 

59 

63 
66 

69 

72 

^75 

J. 77 
79 

» 

Si { 

83 
8S 



t}-Inch. 



©J " 
If 









36 

45 J 
5» 

S9 
6S 
70 

75 
So 

87 

90: 

?« 

98 



39 
46 

58 
63 

66 

69 

72 

75 
7I5 
80 

82 

84 

87 



i|-lnch. 



» " ■ ' 



*J 






li 

►« 



36 

45 



53 54 



6q 

66 

72 

77. 
Si 

9» 
93 

97 
9I> 



li 



40 

47 



.';. 



5? 
64 

6a 

fa 

75 
77 
79 

h 
84 

Mr 

is 



SI 

ii 



^•tncli. 



M 



Ml 






If* 

s 



: 



37 

4^1 

54 
62 

69 

74 

J 79 
^83 

.87 
90 
\ 92 
94 

9^ 

98] 

f4b 



4* 

Is* 

* 

?8 

f 
9?.. 






NoTR.— Nozsle pressures are as indicated by Pitot tube. The horisontal and 
vertical distances are based on experiments by Mr. John R. Freeman. TVansatHfms^ 
Am. boo. C. £., VoU XXI. 
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FRICTIO N LOSS IN FIR E HOSE. 

Based OH T^ts e* BESHQijALErt Rua^r Lin4d Fritii Hose.* 



u 



gr^.^2}- 



fri.ix 



140 

i 160 



' 



Pressure Loss in Each 

. 100 pfiB'? OF ,Hosp* 
touNDS PER Sq. Inch, 



3'- 



««4i->«««i'«N 



6.6: 



A 1 80 
3oa.[ 
.220 

260. 
• .280 

,300 

:;;32o 

^ • 

; ;34o 

360; 

:38a 

400 

425 

t « 

: '450 



''8.3- 3.2 



10. I 
12. 01 



14.^1 5.4. 



16.4 



'23.8 



t . » 



. 500 



fcli 



21.2 



J 



30. d 



36-2 

40.8 
45. 2« 



. , I 



475 ' 5o*o I9-^' 



5S q 



■ K 111 



=u= 



u;iJ 



2.0 
2.6.' 



3-9. 

4*a 



6-3: 



8.2 

l^ ■ 

9:3., 



36.6. 10. t,: 



"•5, 

12.8 



IS-? 

17.'$; 



21.2 



■ i 



3t 
Hose. 



•■ 



.2 Lines ol 
Siamesed. 



Oi9 
1I2 

i;8 
2:1 

2i5 
2^9 

3f3 
3r7 

4t2 

4.7 

5-2 

6.3 

I 

7,0 

7:9 

1 
8;7 

9S 



1.4 



:» I. 



' 2.3 

•<r 2.8 .;: 

' 3-3 
3 9 

•'•- 4.p 

I 

, 5 9 

■ 6.6 

■ 8-3 

' to. I 

; II. 3 

12. 5 

i\ • 

.13 

15 :2 . 



I r 



u . .. 

(14 



-525 
550 

60P 

62$ 

.■ ji 
650 

675 

70P 

7^5 

750 

775 
800 

H 
850 

966 

I, OOP 

I,XOQ 



Pressure Loss in 
Each 100^ Feet of 
' Hose. PotJNDS per 
^. Inch. ~ 



■3* 
Hosc; 



23.2 

25.2 

27-5 
a9.9 

32.0 

34.5 
370 

* « * 

39-5 

{•• 

43-3 

450 
47.8 

50.5 

. • * 

53.5 
56.5 

59.7 
63.0 

76.5 
91.5 



3r 

Hose. 

'. it ■ mi 



^ Lines of 
Siamesed^ 



10.5 

« 

ti.4 
12-4 

13-4 

•14.4 

15 5 
,16.6 

1S.9 
20.1 

» 

'21.4 
22.7 

24.0 

25.4 

26.8 

28.2 

34.3 

41.0 



V 



16.6 

■ * 

18. 1 

19.0 
2i,.2 -r 

23L0 : 
24;.8 ' t 
261.5 
28.3 
30!. 2 
32.2 

34-2 

36^2 

f" 38U 

i 

40^7 

I 

;43^i 
45*2 
55.0 



u 



»i I 



65.5 



T-'^'; r" ■" ■ ' ■ " i^ '- 



II i' ur 



•Rough rabber linliiiB^UliiilbieitD t&craiufe.tlie ]M«mi ffiyukia^tll* tobto as 
mnch as 50 per cent. 
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MSCHJUKIB TABLB WUi SMOOm UOSEOMM, 







Nootto 
Pressure 


'f iw m 1^ m 


Fraasore 
inltarpor 

Ml. ifaeh: 


NouLO DiAif< lO lM»u. 

1 


QftUonf per mfnnta. 




^Wimif rrf ff^'-^r1^_ 


6 


7 





60 84 108 186 

._ 79 . 98 no 10? 

78 99 188 148 

, 84. 196 m m 

80 118 189 IdO 


149 
168 
176 
188 
OOO 


00 
01 
04. 
00 • 
08 

1 


289 090 907 484 
888 900 flOS 441 
287 909 809 448 
049 : 000 890 466 
944 908 an 468 


Sir 

680 
680 
640 
660 


10 
10 
14 1 
10 
10 . 


- 98^ 118 fOl fvr 

100 180 100 194 

^ iio.. .110 no «€» 

lia 160 186 884 

^. 188 199 ,; m ooe 


Oil 
081 
849 
907 
088 


■ 70f '' 
70 
74 
70 
70 


8tf : 910 I0tf 460 
861 918 801 476 

om-r p« ' ttf'-'-488 
868 986 «S 488 
OH. ;. 880 ■ ... Onr . '.404 


668 
600 

674 
680 

680 


00 

11 1 
14 

10 f 
00 


180 107 806 860 

' 189 ' 176 ikl8 IMS' 

140 188 886 876 

^^ 161 101 m M 

169 198 844 807 


096 
018 
887 
040 
068 


80 

-* o'o 

04 

: 00 

00 


864 . 086 418 .600 
888 ' mo '4i 6017 
271 040 4B8 618 
201 04» «0 619 
277 061 4B8 026 


600 

604 
Oil 
OIB 
686 


00 
00 
04 
00 
00 


' 16^' '006 OSB ODT 
102t 818 861 817 

^^ 170' 018 869 80r 
1711 884 877 886 
180' 001 886 040 


066 

0?7 
989 
400 
411 


00 
00 

04 

•• 
08 


880 966 4B8 801 
289 P60 .048 687 
886 960 Oir 648 
289 967 ^ 649 
OK 0;«^ «0 064 


680 
040 
047 
684 
680 


40 
40 

44 . 
40 
M 


. 187. 007 898 06# 
190 848 899 868 
190 IMS 806 07» 
8001 064 910 OSd 
9062 069 890 880> 


428 
*B 
448 
458 

468 


,100 

T 105 

1 ..HO 

116 

110 

» 


299 . ,074 01 660 
8(tt 888 498 674 

819 . 190 4^ 088 

817 401 406 600 
094 410 606 618 


007 
688 

099 

710 
780 


00 

00 t 
04 

00 . 
00 


909> 966 886 88iB 
. » 818 . 0?0 890 004: 
817 876 889 418 
881 080 841 4>^ 
886 886 861 480 


478 
481 
490 
499 
006 


116 

100 .. 
106 
140 
140 


881 418 616 626 
oar 40r 086 ,088 
048 486 696 660 
«^ .440 6l6r 668 

066 460 696 074 


748 
780 
770 
789 
809 


00 


'889 090 v' >ilT 1 090 . 


017 


1 .160 . 


fl« 4B0 OOO' 486 


817 


NonE 

man.^O'Mi 


~^^ '~. — ! — *" '. 

Assumech co^fllcutnt' 


of discharge =^.99' .99' .9^.5*^ 


.9954 
Free- 


ms$£$ikHB Mmi^Smt^'Gi L, ^ 








of 


t 







Gall 



M 




DISCHAROB TABLE FOR SMOOTH NOZZLES. 




60 



V 



596 



680* > tax 

602 t96 



srs lldB 

86» 1190 
005 11« 



704 $10 0») llQB 



sl46 



-IVO 'OOSIONVUd NV8 

910. 1066 tskZ 188S ITS 
tter 1«79 1266 '1407 178 
044 1005 12^7 1438 181 

^M) 1II4' 12^ 1466 184 



I »i ■! I <a III, > ^ 



»k= 



AMum^d coeflScient of dischirge r= .994 .995 .996 .997 .99 



• 1 



jm 



r 



MSCHjUMIB TABLB for SMOOm JMMQSUBSr 






MiMMfe«Mi***feaii^ 



lore 
*per 



» 

10 

« : 

u ^ 

11 



n 
u 






817 876 
881 



Stf 

851 

898 MD ^ ift 



418 
486^ 



400 

499 
006 

817 



140 
14ft 



I 



IM 



848 



-«»r jwr ffias TOO 

486 686 660 77S 

f44» .Mr 668 788 

460 '616 874 808 

488^ MS': 488 817 



=?= 



tnan,' 



Assume* coiBfllcrcnt' of discharge =s^ .^9' .99' .9^ .9*5^ .9954 
maeatw ot dtednrge vnr bwai os jea^nmBestK ^ He Jtdtt^lL Free- 






L 



DISCHARQB TABLE FOR SMOOTH NOZZLES. 




Gall 



.0 



i 



M 



^^^ 



tfn 



596 

flor 



teas tn 

tm tat 

era tw 



fits UdB 

005 11« 



704 flO fi») llQB 






ttO. 1O0B UAs 188S 1760 

tt7 1M9 IflBS 1407 1780 

M4 1005 121^ 1438 1818 

'«00 1114 18&V 1468 1848 



1 ,>,. I -L.^» t >j..f { r?i 



P8I >ll I nSi 



-»• 



tt 



AMiuntd coeflScient of dischirge = .99$ .995 .996 .997 .997 



fl«. 



i-lNCH SMOOTH NOZZLE.— 



a^-i 


Discharge, Gallons 
per Minute. 


.PRESSURES'. Required. r AT Hydrant or 

- MAINTAIN Nozzle Pressures given 

LENGTH3 OF Best Quality 


Nozzle Pre 

Indicatec 

Pilot Ga 


Single 2i-inch Lines. 


100 
Feet. 


200 
Feet. 

30^ 


300 
Feet. 


400 
Feet 

39 


Feet 


600 

Feet: 


700 

Feet 


800 
Feet, 


20 


i^a 


2$ 


35 

< 


44' 


49 


53 


58 


25 


148 


31 


37. 


43 


• 

49 


55^. 


t ■ 


66 


1 
72 


80 


162 


38 


44 


51 


58; 


6s 


• < 

7i» 


7a. 


^5 


85 


^7S 


44 


S2 


59 


,67 


r. 7i 


H: 


91 


9» 


40 


187 


50 


59' 


68 


77 

■ 


" 86 


94, 


103 


112 


45 


198 


. 56 


« 


76 


86 


9^ 


106. 

1 


^ts 


125 


60 

1 


209 


62 


73 


84 


95 

I 


106 


117 

1 


128 


139 


55 


219 


68 


8b 

« 


92 


104 


116 

> 


128 


140 


152 


60 


229 


75 


88 


lOI 


114 


127 

1 


140 

f 


I S3 


166 


65 


23S 


«i 


95 


109 . 


123 


137 


151 


165 


179 


70 


247 


S7 


102 


117 


132 


147 


162 

1 


177 


192 


75 


256 


93 


109 


125 


141 


T57- 


173 


189 


205 


80 


264 


99 


116 


133 


150 


167 


183, 


200 


217 


85 


272 


105 


123 


141 


159 


177 


195 


212 


230 


90 


280 


III 


130 


149 


167 


186 


205 


224 


243 


W 


287 


"7 


137 


J57 


177 


196 

r 


216 

■ 


236 


256 


100 

t 


295 


• 

123 


144 


165 


185 


206 


• 1 

227 


^47 


268 



» ^ 



3Pt 





AND3-4NCH ftoS6. 


1 


■ 






•« 


FlltB EHOmtt, iraiLS STREAM i» >t<fwriNG, to 

m Fjast CoLVi»nf, throuo^ various 
^'aj- AlfD 3-nrcK Rubber Lined Hose. 






Single J-iiich lines. 


Two 2i-}nch 
Lines Siamefcd* 


1 - 


:ixoo 


t,1200 

Feet. 

n 


80(9 

Feet 
3S 


1,000 

Feat. 
39 


,I^Od 

. 43 


t.joo 
Feet. 

r 

4» 


Feet. 


1,500 
Feet. 


1" 
2.odb 
Feet. 


68 


33 


40 


46 


so 


r . 84 


9S 


43 


^-481 


5* 


sa 


^41 


49 


57- 


« 


-'^99 1 


ua 


52 


57 


63, 


70 


49 


.59 


^ 


M 


.,■••.114.1 


130 


60 


66 


73 


8x 


57 


' 68 


79 


M 


lyx/ 


148 


.6S 


75 


8a. 


92 


«5 


78 


90 


M 


MS> 


165 


77 


84: 


93 


103 


72 


86 


99 


« 


. t6o ; 

• 


: l33 


«$ 


93 


103 


.1x4 


80 


95 


116 


M 


' "m i\ 


»99 


93 


t02 


112 


135 


88 


105 


I2t 


U 


»93 


2t^ 


I02 


tI2 


122; 


137' 


96 


114 


133 


m 


:J»7 

1 


23s 


no 


121 


i3t- 


'148 


1(13 


r22 


141 


u 


..222 


252 


118 


130 


141 


159 


til 


132 


15a 


90 


. .337 


269 


137 


139 


isr * 


170 


120 


142 


ii64. 


» 


251 


2fe 


^35 


148 


x6r 


:l(fa 


128 


«5r 


175 


«0 


26& 


3<w, 


J43 


156 


' ryo- 


:i>x. 


ns 


159 


i«4- 


M 


.280. 


• 


t^t 


i6s 


180 


'202 


M3 


1^9 


i$5 


M 


.39$ 


1 
• • • 


158 


t73 


189 


•2tl 


ISO 


177 


21)4 


M 


. 31a 

I 


..»-. 


r^ 


183 


^99' 


•223 


157 t86' 


3^5 


100^ 



i' 



I i/SHNGH SMQQTH IWZjqLPr 






I 



.a 



z^ 



C6 

u 



70 
7t( 



w 



100 



c 

OS 

. d 

5r 



167 
187 
305 
221 

237 

3651 
277 
290 
301 

335 
345' 
355 

365 

374 



Pri:s8uke$ Required at Hydrant or Fii^b 
Nozzle Pressures given in First 

quauty 24- and 



Single 2if;mch L^pes. 






28 

i35 

42 

49 

55 
62 

69 
76 

S3 
89 
96 
103 
110 
116 
123 
130 
136 



§ 



4) 



35 
44 

52 

61 

69 

77 
86 

94 
103 

111 

119 

128 

136 

lU 
152 

160 
168 



Q 4> 



42 

53 
63 

73 

83 

93 
103 

112 

123 

132 
142 
152 



181 
191 
201 



% 



U4 



49 
62 

73 

85 
96 

lod 

120 

131 

143 

•154 

165 

177I 



162 I $8 
171 199 



210 

222 
233J 



8 



V 



I 



56 

84 

97 

110 

123 

137 
149 

163 

175 
188 

202 

215 

226 

240 

252 

265 



V 



64 

79 

95 
110 

124 

139 
154 
168 

183 

197 
211 

227 

241 

354 
269 

283 

297 



I 



1i< 



71 
88 

105 

X22 
138 

X54 

171 
186 

203 
218 

«34 
252 

267 
282 
298 

514 
3«91 



cots. 



78 

97 
116 

134 

I St 
169 

188 

204 

223 

24c 

257 
276 

294 
309 
327 






92 

"5 
137 
158 
179 
200 
222 
241 
263 

283 
303 
325 






107 

133 
158 

183 
.206 
23c 
256 
278 

304 
326 



* 4 



>> 



♦. 



3» 



a !/«• ANOt-^^MCH nOM. 



£lVaiNX, WMVLE, STREAM IS FLOWING, tO MAINTAIN 

Cqlvus, thsduoh various Lchgtks op Best 
jriKCH Rubber Lined Hose. 




Single 5-liich Imes. 


Two 2}-inch lines . 
Siamesed. 


«■* Vii 


41 


III 

37 


si 

43 


u 

48 


II 

54 


62 


II 

71 


ii 

38 


II 

42 


46 


53 


u 

60 


^ 


32 


20 


40 


46 


S3 


60 


67 


77 


87 


45 


so 

1 


ss 


63 


70 


25 


47 


55 


63 


71 


79 


91 


103 


53 


S9I 


6s 


74 


82 


iBO 


55 


6S 


74 


83 


93 


107 


121 


62 


69 


76 


86 


96 


86 


63 


73 


84 


95 


105 


121 


137 


70 


78 


86 


97 


108 


40 


7b 


«2 

t 


1 

' 94 


106 


118 


135 


'53 


79 


87 


95 


108 


121 


46 


78 


91 


104 


"7 


130 


150 


169 


88 


98 


107 


121 


135 


50 


H6 


100 


114 


128 


142 


164 


i8s 


96 


107 


"7 


132 


147 


55 


93 


109 


124 


139 


155 


178 


201 


105 


116 


127 


143 


160 


60 

1 


lOI 


117 


«34 


151 


167 


192 


217 


114 


126 


138 


156 


174 


65 

* > * 


108 


126 


144 


162 


180 


206 


233 


122 


135 


148 


167 


186 


» 1 
70 


116 


135 


154 


173 


192 


221 


249 


130 


144 


157 


178 


198 


75 

* 


124 


144 


165 


185 


206 


236 


267 


138 


153 


167 


189 


210 


80 


131 


153 


174 


195 


217 


249 


281 


147 


163 


178 


201 


224 


85 


139 


161 


184 


207 


229 


! 263 


297 


156 


172 


188 


212 


237 


90 


146 


. 170 


194 


218 


242 


277 


313 


164 


181 


198 


1 
224 


249 


95 


«54 


178 


203 


228 


253 


290 


. . • . 


172 


190 


208 


1 ( 
235 


L 
261 


100 



33 











I 


i/4«aion>8jm<yTM'NosiL&— 




•a 

O 

Is. 

•1 


Prsssuebs Rbquirbd at Hybramt or Fire 
. . Pressures given in Fir97 Oocnuu, 


1" 


Single 2i-inch hi»» : 


81 

32 
40 

48 

55 

63 

70 

86 

93 
101 

108 

116 

124 
131 

«39 
146 

153 


42 

53 

63 

73 

83 

93 
103 

"3 
123 

133 
142 

152 

1 

163 
172 
182 
191 
201 


53 
66 

79 

104 
116 
128 
140 
152 
164 
176 
188 
201 
213 

225 
236 

1 

248 


• 

64 

79 

95 
109 

124 
138 

J 53 
167 
182 
196 
210 
224 
240 

254 
269 

282 
295 




II 


M 


5| 

* 


11 




so 

25 
SO 
85 
40 
45 
50 
55 
00 


206 

230 

253 

273 
292 

309 

1 

326 

342 

357 
372 
386 

399 

413 
425 
438 

449 
461 


75 

92 

no 

127 
144 

161 

178 
194 
211 
228 

244 
261 

279 

295 
312 

327 


85 
10s 

136 

I4S 
165 

«83 

203 

222 

241 
260 
278 
297 
318 


118 
142 
163 
185 
206 

• 

228 

249 
270 

293 

312 

333 


I3X 

157 
181 

206 

229 

253 
276 

300 
323 


128 
158 
' 189 
217 
246 

274 

3°3 

330 


M9 

184 

220 

253 
287 

319 


65 






70 






75 








80 








85 










80 




• 






. 


85 












100 
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a i/d- AMD 3-lNCH HOSB* 



I ■■»->! >■ 



Engine, while stream is flowing, to maintain Nozzle 
through various j-engt hs of .best quality 
RtjBBER Lined Hose. ^ 



c to 

^ w 

So 



Single 3-inch Lines, 



81 

37 

47 

56 

65 

74 

«3 

91 
100 

109 

118 

127 
136 

145 

153 

162 

170 
179 



II 



46 

68 

79 
«9 

III 

121 
132 
143 

154 

164 

175 
184 

205 
215 



II 



54 

67 

81 

92 

105 

"7 
130 

142 

155 
167 

180 

192 

205 

216 

228 

240 

252 






62 

77 

93 
106 

120 

»35 
149 

163 

178 

192 

206 

220 

235 

247 
261 

275 
2S8 






70 
87 

los 
120 
136 

152 
168 

184 
201 
217 

233 
248 

265 

279 

295 



8^ 



83 
192 

123 

141 

159 
178 

197 
216 

235 

254 
272 

290 






95 
117 
142 
161 

183| 
204 

226 

^.247 
.270 
291 



Two 2|-inch Lines 
Siamesed. 



£ 



II 



3^ 
48 

57 
66 

75 
84 

93 
loa 

in 

120 
129 

137 
147 
156 
165 

1731 
182 



ii 



45 

55 

66 

76 

96 
107 

"7 
128 

137 
147 
'57 
169 
179 
189 
198 
208 



§1 



51 
62 

74 
86 

99 
109 

121 

132 

144 

155 
166 

177 

190 

201 

213 

2231 
235 






57 
70 

83 

95 

no 

121 

135 

147 
160 

173 
185 
197 
212 
224 
237 
248 
261 






it 



1 



67 
80 

no 
127 
140 

155 

169 

185 

199 
213 

227 

244 
2$8 

273 
286 

300 

1 



76 

91 

»W 
125 

144 
158 
176 
192 

2iQ] 

225 

241 

257 
376 

292 

309 

323 

• • •! 



20 
26 



S6 

40 
46 
60 
66 
60 
66 
70 
76 
80 
86 
M 
96 
100 
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1 3/«-INCH S MOOTH NOZZLE^ 

Hydkamt o& Firs 
Bs GIVEN IK First 
Quality ai- and 



ta 


!I50 


25 


sSo 


80 


307 


«5 


331 


«0 


354 


46 


3?6 


M 


396 


66 


, 41S 


eo 


4M 


<6 


45' 


7I» 


469 


75 


485 


80- 


500 


86 


S.6 


SO 


53' 


•6 


546 


100 


Sfo 



114 146 

135 '6' 

'37 176 

149 191 



I I 
18s 337, 

'96. 'S> 

309 ^7 



333 



3S4 29a 
376 318 



II 



II 



n 



a .1/9- AND 3 


-INCHHbsa 




'■ 












Engine. whil£ stream is flowing, to maintain 
Column* through various L&ngths of Best 
S-iNCH Rubber Lined Hosr. 




Single 3-inch Lines. 


Two 2i-ilich Lines Siamesed« 


e Presst 
by Pit< 


600 ] 
Fe«t 


1^' 








II 




1^ 


9 *^ 





8^ 


It 


•S"8 

Is 


'57 


6S 


80 


92 


109 


37 


46 


54 


63 


71 


84 


96 


80 


70 


85 


99 


113 


135 


46 


57 


: 67 


78 


88 


104 


«»9 


2S 


«4 


toi 


ti8 


135 


t6i 


56 


- 68 


r 81 


93 


106 


124 


;>43 


<»0 


97 


117 


»37 


157 


187 


^5 


80 


94. 


€08 


122 


143 


>65 

1 


ts 


>3I2 


»34 


J 57 


180 


214 


74 


-90 


106 


122 


t3» 


162 


186 


iO 


1*5 


150 


175 


200 


238 


«3 


lOl 


119 


•i37 


'*S5 


182 


1 
209 


'1& 


»37 


164 192 


220 


267 


92 


t\\ 


131 


151 


171 


201 


230 


M 


^151 


182 212 


242 


288 


100 


122 


144 


165 


187 


219 


252 


■«6 


^63 


196 229 


262 


• • 1 




109 


'33 


156 


^80 


203 


238 


273 


10 


»77 


212 


H7 


282 


• • 1 




118 


143 


168 


194 


219 


257 


t^ 


'«5 


189 


227 


265 


303 


• • 




128 


«55 


182 


209 


236 


477 


3«7 


70 


ao3 


343 


283 


• • • «r 


• • < 




m 


i6s 


194 


223 


252 


295 


• • 4 • 


'-96 


215 


a57 


300 




• • t 




'45 


I7S 


206 


236 


tE66 


3*2 


• • • • 


«0 


• 229 
Ml 


274 
289 


• • k • 


• • m* r 


• • < 


1 •* 


«53 
162 


186 
196 


218 
230 


:25o 
264 


282 
298 


351 


« • • . 


•0 


*54 
267 


«04. - 








170 
179 


206 


241 

254 


277 
291 


3«^ 
3^9 


• • 


.4 


•& 


• • • • 


'. \i • . 


• V • V 

- .i' 1. 


» 4 4 * 


217 


• • » • 


• « * • 


100 



37 













1 


I, a- 


lN6tf:««lfl!0T|f tnJLUJEL^ 


.J. . 


o 
Q 

298 

333 
365 
394 
422 

447 
472 

494 

S37 

S58 
578 

596 
614 
633 
650 
667 


Pf^ESSURES RSQUiKFJ) AT HYDHAMT OR FiRl 

Nozzle Pressures given in First 

Quality 2j- and 


So 


Single al-inch Lines. 


Siiic^le 


11 

SO 
S6 
.80 
•S 
40 
i6 
M 


44 
54 

65 

75 

«5 

96 

106 

116 

126 

136 

146 

156 
166 

176 

187 

197 

307 


n 

65 
80 

95 
no 

126 

141 

155 

170 

184 
198 
213 
298 
242 

«57 
372 
286 
300 


86 
106 
126 

145 
166 

185 
205 

224 
242 
261 
381 

«99 
318 
337 


107 
132 

.157 
181 

206 

230 

254 
278 
301 

324 


128 
158 
188 
216 
246 

a75 
304 
332 


149 
184 
219 
251 
286 
' 320 


^1 

170 
210 
2^ 
287 

327 
■'• • • 


191 
236 

280 
322 

• « « • 


n 

39 
48 
58 
67 
76 

85 
95 

104 

U3 
132 

I3t 
140 

H9 
158 

167 
176 

185 

.J, 


II 

55 

68 

81 
94 

.IP7 
%to 

J33 

145 
158 

170 
183 
196 
208 

220 
233 

^5 

257 


II 

71 

88 

105 
122 

139 

IS5 

171 


55 

to 


• « • 


• • ••• 


187 

903 


€5 










2t8 


70 


* • * • 




• •- •. • 




»3S 

267 


' M 












86 
■'•0 








• • *.• 




262 
398 

3«4 


95 














100 














(•^rv 

















38 



^ 



Enqims* WHiLs:$TigeAJc is flowing, to maintain 

COLiUMK^ THRQyQH VARIOUS LENGTHS OF BEST 

3«-iKCH Rubber Lined Hose. 



5-iticli Liaes.- 



87 
108 

I^ 

149 

1^ 

I^ 

209 

•248 
267 
287 
307 



lt>4 
•128 

153 

ioi 
224 

M7 
270 

293 



^{^ 
120 

148 

177 

204 

158 
286 



I 






t44 

178 
212 

279 



Two 2Hnch Lines Siamesed. 



t5 



• • • • 



an 



II 



33 
41 
49 
57 
65 

73 
81 

88 

96 
104 
112 
120 
127 

135 

143 
152 

160 



45 
56 
66 

77 
88 

97 
108 

118 

128 

139 

149 

160 

170 

179 

190 

201 

212 



COr-^ 



56 
70 

^3 

96 

ifo 

122 

136 

148 
161 

174 
186 

199 
212 

224 

237 

251 

264 



68 

84 
100 

116 

X32 

146 

163 

178 

»93 
208 

223 

239 

254 
268 

284 

301 

316 



79 

99 
117 

135 

155 

171 

190 
208 
225 

243 
261 

279 
' 296 

3J3 



8 8 

91 
113 
134 

155 

177 
196 
218 

237 

*57 
278 

298 
3»9 



o t^ 

io8| 

135 
160 

184 

21T 

233 
259 

282 

305 



Is' 

126 

156 

185 

314 

244 
269 

300 

327 



3 o 

8^ 



20 

«5 

110 

S6 

40 

45 

50 

55 

60 

'65 

70 

75 

''80 

85 

M 

95 

11)0 



i9 



I 8/8-lNCH SMOOTH NOZZLB.-- 



la* 


Discharge, Gallons 
per Minute. 


Is 


20 


3S0 


. 25 


392 . 


. 80 


439 


*& 


463 


40 


496 


45 


525 


w 


554 


55 


. 581 


00 


607 


.05 


631 


70 


.655 


; 75 

1 


.678 


80 


.700. 


.^.85. 


./:?« 


.^90. 


743 


.,;»5 


763 


0400 


..783 



Pressures REQUtREXV at Hydrant or Fire 
NozzLE^ Pressures oiven ih First 

QUALITY 2j« AND 



Single 2|«tnch Lines. 






8]^ 



80 
100 
118 
136 

155 

173 
192 

aio 

228 

24^ 
263 

28 1 

299 
3^7 



52 
65 
77 
89 

lOI 

"3 
125 

137 

149 
162 

173 
184 
197 

2P9| 

220 
232 

244. ••• • 



li 



8t! 



108 

^35 
i^ 

184 

2Q8 

233 
258 

282 

306 

330 



• '.'•%■ 



•/»'■ 



iVj. . 



436 
170 

201 

23' 
262 

293 

3U 



. I 



^ 4 



• 1 



f.> 



8Z 



165 

205 

^2 

*79 
316 



• « « 



« ^ « 



<•* 



• r. * 



y • 



• * I 



.# . , 



:*.*f 



1^ 



193 
UO 
284 
326 



• •» 



♦ * 



\ • *. 






H' V 



Stogie ^-incb 



§1 



46 

57 
.68 

78 

«9 
ipo 

III 

121 

132 

143 

153 
163 

174 
184 

»95 
205 

216 



u 



68 
84 

100 

115 
131 

146 

162 

* • 

178 

193 
209 

223 

237 

253 
269 
284 

299 
314 



II 



90 
III 

132 

152 

173 
193 

214 

234 

254 

275 
294 

312 



I 






112 

1^8 

rt4 

»?9 
2^5 

239 
265 
390 



f.' 



40 



3 if^ AND a-INCH Holte; 



engtks, while stream is plowing, to maintain 
Column, through various Lengths of Best 
^>INCH Rubber Lined Hose. 



Lines. 






134 
196 

086 
i • • • 



ti 

~(>i 



156 

192 
228 
263 
299 



Two 2}-inch Lines Siamesed. 



Mix. ^t-- 



57 
471 
56 
65 

74 

82 

9^ 
100 

109 

118 
126 

13s 
144 

153 
i6a 

170 



53 
66 



li£ 



85 



79| i<» 
91 117 

104 13* 



II 



68 84 



116 
128 

140 

153 
164 

176 

189 

201 

213 

225 

337 



179 249 



149 
165 

181 

196I 

211 

226 

242 

258 

289 
303 
3«9 






104 

135 

144 

164 
182 

202 
321 
240 
258 
276 
295 

3U 



100 

123 
148 

170 

194 

215 
239 

261 

283 
305 

336 



^1 



8« 



J 15 

143 
171 
197 

224 

248 

301 
327 

• • • • 



139 
171 
205 

236 
369 
298 

331 






• » 



162 
200 
240 
276 

3^4 



iss O 
Ji off 



20 

2A 
80 

n 

40. 

60 
56. 
00 

7*; 
80 

8fe 

90: 

96 

100 



41 



■ 3/4!-«<G|l SliWXTIt M9ZZMS.- 



^ bfl 

J5 ^ 
^O ■ 

d o 

gs: 
so 

25 

80 

85 

40 

45 

60 

55 

«0 

05^ 

70- 

76 

go 

95 



(A 

c 
o 

%^ 

«•- 
£?S 

U3 a> 



407 

455 

498 

538 

575 
609 

643 
674 
704 

732 
761 

787 
813 

838 
862 

88s 
909 



Pressures Required at Hydrant qh Fire 
, Nozzle Pressures given in First 

Quality 2 J- anq 



Single 2i-in. Lints. 



% 

O D 



8B 



63 

77 

91 
106 

I20 

135 
150 
164 

177 
191 
206 
220 
234 

247 
261 

274 



100 

1231 

U5 



6 ^ 



138 
169 
199 



169 231 



^9* 

215 

237 
259 

280 

302 

325 






262 

294 
325 



175 
215 

253 
294 

333) 



»»t. 



Single 34incK 






40 

49 

58 
68 

77 
87 
96 
05 
14 
25 
33 



II 



\l 



551 
67 

79 

92 

104 

118 
13a 
142 

t J54 
166 

180 



43 
52 

69 

7» 
88 






7x 
84 

100 



149 



179 
194 



^1 



86 
102 

121 
141 



8 i\i % 
1 16 



'53 159 



180 



164 199 



216 

234 



209 252 



192 
204 
215 
228 
240 

253 



227 
242 

257 

270 

286 

301 

3»7 



273 
291 



309 



lOI 

120 
142 
166 

187 
211 

233 

554 

274 
296 



138 
163 
190 

215 
241 
267 
291 

314 



Aa 



ari/i 


r- Afto 3* 


INCH HaSB. 


4_ 












Engine, while stream is flowing, to maintain 
Column, through various Lengths of Best 
3-iNCH Rubber Lined Hose. 


h 

JS-g 


Lines. ^ 


i Two 2j-inch Lines ^iaftiesed. 


800 
Feet. 


8^ 

177 
209 

247 
268 

325 

• • • • 


53 
40 

49 

5^ 

64 

75 
80, 
88 

96 
104 

ni 
118 
127 

i55 

U2 

150 

158 


8^ 

• 43 

• 55 

• 64 
. 74 

84 

95 
104 

114 

.125 

144 

155 
164 

174 
183 
194 
204 


53 

65 

79 

91 
103 

117 

128 

140 

153 
165 

177 
188 
201 

214 
225 

2.57 
250 


II 

• 64 

« 
78 

94 
109 

123 

159 
152 
167 
182 

195 
210 

223 

259 

255 
266 

.2.81 
.296 


8^ 
74 

iia 
126 

145 
161 

V7 

195 
210 

226 

245 
258 

276 

295 
308 

• • • 


1^ 

84 
103 

12 J 

143 
162 

183 

201 
219 

239 
257 

275 
293 
515 


.105 

I2& 

155 

178 

.201 
227 

249 
272 

296 
518 


125 
• 154 

185 

213 

241 

271 

297 
324 

« • • • 


8« 

146 
179 
215 
248 
280 

315 


Is 


147 

175 
205 

239 
270 

803 


20 

td 

86 
40 
46 
60 
66 
W 
06 








70 










4f6 










M 












00 




• m -m ' 








06 










100 

















4$ 



j-INCH SNOOTH NOSZta- 



ure Indi- 
ot Gage. 


Discharge, Gallons 
per Minute. 


Pressures Required at Hydrant or Fire 
Nozzle Pressures given in First 

Quality 2J- and 


le Press 
I by Pit 


Single cl- 
inch Lines. 


Single 3-inch Lines. 


Jz; o 


100 
Feet 

90 
III 

132 
152 

173 
193 
214 


200 
Feet. 

152 

187 
222 

255 
290 

323 


300 
Feet. 


100 
Feet. 


200 
Feet 


300 
Feet 


1 400 
Feet 

1^4. 

152 
181 
209 
238 
263 

293 
321 


Feet 


20 

80 

40 
46 
60 


532 

594 
651 
703 

752 

797 
841 

920 
958 

994 
1,029 

1,063 

1.095 

1,128 

1,158 
1,189 


214 
263 
312 

• V • • • 

• • • • • 


52 
65 
77 
89 
102 

i«3 

126 

138 
150 
162 

175 
187 
199 
211 
223 

235 

247 


76 

94 
112 

129 

147 
163 
182 
199 
216 

233 
251 

268 

185 

302 

319 
335 


100 
123 

147 
169 

193 

213 

237 
260 
282 

304 
327 


148 
182 
216 

249 
283 

314 


66 








00 










06 












70 












76 












00 
06 




" • • • • 


• • • « • 








00 














06 














100 


• • * • • 


..... 


« • « • 
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a i/i- AND a-INCH HOSE. 



41 ■ ■» 



Engine, while stream is flowing, to maintain 
Column, through various Lengths of Best 
3-INCH Rubber Lined Hose. 



O 



600 

Feet. 

I7J» 
2U 

289. 



• * -1 • 






<•* 



800 

Feet. 



320 

270, 

321 



Two 2i-inch Lines Siamesed. 



100 
Feet. 



4^ 
5^ 
61 

7.1 
3i 

90 

100 

no 

"? 
W9 

15a 
167 

177 
186 

196 



2CX> 

Feet. 



:58 

72 

86 
100 

"3 
126 

140 

153 
.166 

I:8o 

193 I 
206 

?I9 
232 

272 



300 
Feet. 



. 75 

; 93 
no 

128 
146 
162 
180 
^97 

^13 
.-23a 
2^S 

. 264 
280 
297 
314 



400 
Feet. 



92 

"4 
135 
157 
178 
198 

22Q 
240 
260 

302 
322- 



500 

Feet. 



no 
160 

211 

234 
260 

284 
308 



600 
Feet. 



127 

156 
185 
214 

243 
270 

300 



800 
Feet. 



161 

234 
271 

308 



r,ooo 
Feet. 



195 
240 

284 
329 



C*' 



P^ >« 

"20 

25 
80 
85 

45 
50 
55 

^60 

.65 
70 

.75 
80 
85 
90 
95 

>iOO 



45 



I 1/4-INCH 5M00TH NOZZLE— a i/i-INCH HOSE. 



r 

\ Pressure Indi- 
by Pitot Gage. 


Dischaige, Gallons 
per Minute. 


Pressures Required at Hy- 
drant OR Fire Engine, while 

STREAM IS FLOWING, TO MAIN- 
TAIN Nozzle Pr^ssurrs given in 
First Column, through various 
Lengths of Best Quality 3i- 
iNCH Rubber Lined Hose. 


Pressure Indi- 
by Pitot G9ge. 


Nozzle 
cated 


5^ 
32 


8^ 

34 


36 


37 


mix. 
39 


-fa 

43 


^1 

49 


Is 

55 





20 


2o6 ' 


20 


26 \ 


230 


39 


42 


44 


'46 


48 


53 


fin 


67 


26 


80 


253 


47 


49 


52 


55 


58 


63 


71 


79 


80 


86 


273 


54 


57 


60 


64 


67 


73 


82 


91 


86 


' 40 


. 292 


62 


65 


69 


72 


76 


83 


93 


104 


40 


46 


309 


69 


73 


77 


81 


85 


93 


104 


116 


46 


60 


326 


77 


81 


85 


90 


94 


102 


Its 


128 


60 


66 


342 


84 


89 


94 


99 


103 


112 


126 


141 


66 


60 


357 


92 

1 


97 


102 


107 


112 


122 


137 


153 


60 


66 


372 


99 


105 


no 


116 


^21 


132 


HSi 


165 


66 


70 

1 


386 


107 


"3 


118 


124 


130 


142 


i6(i 


177 


70 


''76.- 


399 


114 


120 


127 


133 


139 


1^ 


171 


190 


76 


-80 


413 


122 


128 


135 


142 


148 


162 


iSi 


202 


80 


86 


425 


P28 


135 


142 


149 


156 


170 


191 


212 


86 


• 90 


438 


136 


M3 


'51 


158 


165 


I'«0 


202 


225 


M 


. 96 


449 


143 


151 


159 


167 


175 


190 


214 


237 


96 


MOO 


461 


151 


159 


167 


175 


164 


2O0 


225 


249 


100 
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I 


3/8-INCH SMOOTH NOZZLE.- 


3i/a>INCHH0SB. 




if 


° 

O = 

m 


PRESSURES Required at Hydrant or 
Fire Engine, while stream is flow- 
ing, TO maintain Nozzle Pressures 
GIVEN in First Column, through 
various Lengths of Best Quality 
31-lnch rukber lined hose. 


1! 


13 


M 


M 


n 


i 


U 

60 


67 


II 


M 


ijo 


?' 


34 


36 


H 


4' 


47 


52 


20 


:s 


J*. 


39 


4» 


4S 


M) 


S3 


59 


65 


75 


8s 


2fi 


so 


OT 


46 


SO 


S4 


58 


62 


70 


78 


89 


.01 


SO 


»5 


331 


. 54 


58 


63 


67 


7a 


81 


90 


103 


.17 


S6 


U 


354 


61 


66 


71 


76 


81 


5' 


lOI 


lit 


13. 


40 


U 


376 


69 


74 


80 


8S 


91 


102 


"3 


130 


.47 


. 4£ 


» 


39« 


,76 


81 


81 


95 


lOI 


113 


ia6 


•44 


163 


&0 


Si 


415 


84 


90 


97 


.104 


.111 


114 


'38 


■58 


.79 


. fi» 


H,, 


434 


91 


:98 


loe 


113 


III 


i3S 


ISO 


172 


.95 


00 


w 


4S1 


98 


,^06 


114 


"' 


13c 


i46 


161 


■85 


-0, 


6fi 


IH- 


469 


106 


"4 


113 


.31 


lAO 


'57 


174 


199 


-5 


30 


7&- 


4ES 


"3 


122 


131 


149 


■J 49 


,67 


^185 


ai3 


.3, 


3fi 


80. 


ioo 


110 


130 


140 


149 


"59 


178 


J 97 


326 


"55 


' SO 


8« 


5,6 


137 


138 


14S 


I 58 


168 


188 


308 


239 


369 


8& 


» 


SJ> 


135 


146 


156 


.67 


178 


■99 


«i 


Hi 


.85 


90 


K 


546 


143 


•53 


165 


«76 


'87 


309 


832 


366 


=99 


»S 


100 . 


560 


ISO 


.idi 


.'73 


.8s 


197 


3IO 


244 


379 


3.5 


too 



I i/a-INCn SMOOTH NOZZLE.-S 


I/a. 


NCH HOSE. 


U 

IS. 

1" 


1^ 


PRESSURES Required at Hy- 
drant OR Fire Engine, while 

STREAM IS ELOWING, TO MAIN- 
TAIN NOZZLE Pr^SURES GIVEN IN 
FIRST Column, through various 
Lengths of Best quality 34- 
INCH Rubber Lined hose. 


it 


M 


M 


J 


u 


M 


II 


20 


198 


38 


36 


_ 


Si 


76 


87 


26 


..■. 25 


333 


35 


44 




80 


93 


107 


a 


> 80 


3«i 


42 


53 




9« 


113 


■ 38 


so 


' S& 


39* 


49 


61 




III 


129 


i48 


u 


40 


422 


55 


69 




135 


146 


i«7 


M 


■- *& 


44? 


62 


78 




140 


.64 


187 


u 


- SO 


4?« 


69 


86 




>S! 


181 


207 


M 


u 


494 


76 


94 




176 


■98 
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DRANT OR FiRE' Engine, while 

STREAM IS FLOWH^Gi TO MAIN- 
TAIN Nozzle Pressuives given in 
First Column, through various 
Lengths of Best Quai^ity 3!-: 
INCH Rubber Linep Hose, ^ 
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Pressures Required at Hy- 
drant OR Fire Engine, while 
stream is flowing, to maintain 
Nozzle Pressures given in First 
Column, through various 
Lengths op Best Quality 3J. 
INCH rubber Lined Hose. 
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RETURN TO the circulation desl( of any 

University of Caiifornia Library 

or to tlie 

NORTHERN REGIONAL LIBRARY FACILITY 
BIdg. 400, Richmond Field Station 
University of California 
Richmond, CA 94804-4698 

ALL BOOKS MAY BE RECALLED AFTER 7 DAYS 
2-month loans may be renewed by calling 

(510)642-6753 
1-year loans may be recharged by bringing boolcs 

to NRLF 
Renewals and recharges may be made 4 days 

prior to due date 
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